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The Relationship of Sugar Cane Yields
To the Phosphorus and Sulphur Contents
Of Certain Louisiana Soils
Laron E. Golden 1
INTRODUCTION
Results obtained in experiments with sugar cane in Louisiana where
normal superphosphate was used suggest the need for more knowledge
concerning phosphorus (P) and sulphur (S) in soils planted to sugar
cane and the relationship between the P and S status of the soil and
yields of sugar cane as influenced by additions of normal superphos-
phate. Normal superphosphate contains an average of 8.7 per cent P
(equivalent to 20 per cent P 2O s ) and 11.9 per cent S, In Louisiana, the
S content of sugar cane was found to be approximately equal to the P
content when P and S were applied as normal superphosphate (IB). 2
The primary purpose of this study was to determine the relationship
of differences in yields obtained from check (control) and normal super-
phosphate treatments to extractable P and to soluble S in soils cropped
to sugar cane.
Phosphorus
Some relationships of differences in sugar cane yields obtained from
check and normal superphosphate treatments to soil P and its fractions
have been reported by Byrnside and Sturgis (5). The work by Byrnside
and Sturgis was accomplished in Louisiana from 1954 through 1957. In
this work, topsoils were shown to contain an average of 529 ppm of
total P. Subsoils contained an average of 482 ppm of total P.
Several soil studies have been conducted in Louisiana (5, 9, 10, 11, 12,
21, 22) which were concerned with the availability of P as determined by
different methods. Standardizations of chemical methods for extracting
soil P as bases for recommendations for applications of fertilizer P to
sugar cane have been reported by several workers (1, 5, 6, 15, 19).
Sulphur
Most of the S in field soils in humid regions is associated with organic
compounds (2, 4, 17). The total S in most field soils varies from 100 to
500 ppm (4).
Bardsley and Lancaster (2) have defined "Soil" S as being the com-
bined organic, oxidizable inorganic, and soluble sulphate S in soils.
Since their method does not involve fusion, sulphate compounds such as
iDepartment of Agronomy.
sitalic numbers in parentheses refer to Literature Cited", Page 20.
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insoluble BaS0 4 , and S occluded by soil minerals against extraction after
ignition at 500° C, may not be determined to an appreciable extent.
They reported the mean "Soil" S content of 23 surface soils to be 198
pounds per acre, and the sulphate S content to be 19 pounds per acre.
Ammonium sulphate is the source of fertilizer nitrogen (N) for sugar
cane in many areas of the world. Due to the use of ammonium sulphate
and other fertilizers containing S, there previously has been little prac-
tical need for research related to S as an applied nutrient for sugar cane.
Bonnet (3) reported that he found S to be responsible for significant
yield responses by sugar cane in Puerto Rico in 1964. In Louisiana in
1967 (7), the use of S at the rate of 24 pounds per acre resulted in sugar
cane and sugar yield increases which were statistically significant. The
sugar cane and sugar yield increases were 1.67 net tons per acre and
570 pounds per acre, respectively. In five other experiments conducted
in Louisiana in 1966 and 1967 (7, 8), yield differences due to use of 24
pounds of S per acre, when considered in individual experiments, were
statistically non-significant. Collection of more yield data is required
before statistical analysis of all yield data as a group will be of practical
value.
Hoover (14) reported that generally there are small quantities of both
total and organic S in soils of the state of Mississippi. He further stated
that farm operators can no longer rely on incidental additions of S from
rainwater, the atmosphere, insecticides, and ordinary mixed fertilizers
for maintenance of high yields.
No published information has been found indicating attempts to
correlate the S content of soils of the sugar cane producing area of
Louisiana with yields of sugar cane. Sugar cane growers in Louisiana
have applied less S in fertilizers in recent years due to increased use of
liquid fertilizers containing no S and high-analysis fertilizers containing
relatively small amounts of S.
EXPERIMENTAL
Soils, Soil Material, and Yield Data
A description of soil types in the sugar cane producing area of Lou-
isiana has been made by Lytle and Sturgis (18).
During the 9-year period, 1958-66, soil samples and yield data were
collected from 50 fertilizer experiments with sugar cane at 29 locations in
Louisiana's sugar cane producing area.
The fertilizer treatments in the experiments were replicated three
times in a randomized block design. The plot size was approximately
one-tenth acre. The fertilizer materials used were ammonium nitrate,
normal superphosphate, and muriate of potash. Fertilizers were applied
in the off-bar furrow in the spring at a depth of approximately 6 inches.
Yields obtained from sugar cane fertilized with normal superphosphate
fertilizer, used at the rate of 200 pounds per acre, were compared with
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yields from check plots. The yields which were compared were from N-P
and N-P-K treatments versus N and N-K treatments. Since yield differ-
ences obtained from check and normal superphosphate treatments were
less from coarser-textured soils than from finer-textured soils, the coarser-
textured soils are separated from finer-textured soils in discussion of the
results.
Topsoil and subsoil samples were taken at each experimental loca-
tion in the spring when the experiment, or series of experiments, was
initiated.
Soil Analysis Procedures
Soil samples were composited, air-dried, and passed through a 2-mm.
sieve. Total N was determined by the Kjeldahl method (16). Organic
carbon (C) was determined by the dry combustion method (20). "Soil"
S and soluble S were determined by the method of Bardsley and Lan-
caster (2). Soil samples were digested by use of hydrofluoric acid for
total P determinations. Extractable P was obtained by use of the
following seven chemical procedures.
Procedure Extractant-to- Minutes pH of
no. Extractant soil ratio shaken extractant
1 0.025 N HC1 +
0.03 N NH
4
F
20 20 2.8
2 0.05 N HC1 +
0.03 N NH
4
F
20 20 1.9
3 0.014 N HC1 20 20 1.9
4 0.1 N HC1 +
0.03 N NH
4
F
20 20 1.3
5 0.05 N HC1 20 20 1.4
6 0.1 N HC1 10 20 1.0
7 0.1 N HC1 20 20 1.0
The amounts of P in solutions prepared for total P determinations
and the amounts of P in soil extracts were determined by the chlorostan-
nous-reduced molybdophosphoric blue color method in hydrochloric acid
system (16).
The pH values from soil samples and extracting solutions were ob-
tained by use of a Beckman Zeromatic pH meter.
Laboratory analytical work was accomplished with solutions main-
tained at a temperature of 25° C. (9).
Terminology
Reference to "yield response," used by many authors when discussing
effects of fertilizers on crops, is replaced in this report with the general
expression "differences in yields obtained from check and normal super-
phosphate treatments."
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RESULTS AND DISCUSSION
The locations and soil types where the fertilizer experiments were
conducted are shown in Table 1. Thirty experiments were conducted at
19 locations (Nos. 1-19) on alluvial soils of the Mississippi and Red River
flood plains. Twenty experiments were conducted at 10 locations (Nos.
20-29) on older alluvial or Mississippi River terrace soils in the western
part of the sugar cane producing area.
Phosphorus
Table 2 contains data obtained from analyses of topsoil samples for
total P and for P extracted by use of seven different chemical procedures.
TABLE 1.—Soil Types and Locations of Experiments on Alluvial Soils (Nos. 1-19) and
Older Alluvial or Terrace Soils (Nos. 20-29)
Location
Year of experiment
Plant First Second
no. Soil type Plantation cane stubble stubble
Alluvial soils
1 Yahola sil Edgefield 1959
2 Yahola sil Meeker 1965
3 Commerce sil Alma 1962 1963
4 Commerce sil Smithfield 1959 1960
5 Commerce sil Smithfield 1964
6 Commerce sil Myrtle Grove 1965
7 Mhoon sil Smithfield 1958
8 Mhoon sil Little Texas 1960 iyoi
9 Mhoon sil Little Texas 1958 1959
10 Mhoon sil Little Texas 1964
11 Mhoon sil Laurel Ridge 1965
12 Mhoon sil Georgia 1963
13 Mhoon sicl Smithfield 1965
14 Mhoon sicl Laurel Grove 1963 1964 1965i
15 Mhoon sicl Laurel Grove 1966
16 Mhoon sicl F. A. Gaugnard 1964
17 Mhoon sicl Pecan Tree 1960 1961
18 Sharkey c Pecan Tree 1962 1963
19 Sharkey c Pecan Tree 1964 1965 19661
Older alluvial or terrace soils
20 Richland sil Young's Industries 1963
21 Olivier sil Young's Industries 1959 1960 1961
22 Jeanerette sil Alice "B" 1959
23 Jeanerette sil M. A. Patout & Son 1961
24 Jeanerette sil M. A. Patout 8c Son 1962 1963
25 Jeanerette sil M. A. Patout & Son 1965
26 Jeanerette sil St. John 1963 1964 1965
27 Baldwin sil Alice "B" 1962 1963
28 Baldwin sic O'Neil 1958 1959 1960
29 Baldwin sic O'Neil 1963 1964 1965
iThird stubble.
The total P content of the alluvial soils varied from 423 ppm in
Yahola silt loam to 909 ppm in Mhoon silty clay loam, and averaged 607
ppm. The total P content of the older alluvial or terrace soils varied
TABLE 2.-Phosphorus Content of Topsoil Samples from Alluvial Soils (1-19) and
Older Alluvial or Terrace Soils (20-29)
Extractable phosphorus, ppm
Location Chemical procedurei
no. Total No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Alluvial soils
1 468 21 104 129 241 235 240 309
2 423 20 85 99 192 158 183 249
3 504 39 105 150 237 213 217 266
4 523 19 121 175 299 266 269 333
5 519 60 171 214 343 298 362 418
6 677 48 145 162 285 250 268 332
7 465 31 175 233 366 355 352 434
8 619 18 70 130 233 196 188 260
9 652 21 74 136 216 189 185 245
10 503 25 93 136 230 204 210 255
11 528 22 92 127 233 186 196 250
12 493 26 60 82 181 127 116 177
13 811 56 148 167 327 242 224 275
14 909 90 146 152 336 212 186 286
15 724 54 123 147 278 212 219 267
16 531 25 46 47 136 85 88 122
17 485 30 85 129 242 188 177 245
18 840 106 189 174 362 233 211 305
19 867 151 228 226 469 294 277 367
Averages: 607 45 119 148 274 218 219 284
Older alluvial or terrace soils
20 289 11 13 1 14 2 2 4
21 532 53 59 8 68 15 15 22
22 390 32 55 54 105 97 94 119
23 576 127 365 241 451 337 353 430
24 504 77 157 110 178 134 119 158
25 482 29 55 42 91 67 76 109
26 317 53 76 62 132 90 85 117
27 314 14 36 52 82 82 78 100
28 452 20 21 3 30 7 7 10
29 479 39 49 11 60 22 23 30
Averages: 433 45 89 58 121 85 85 110
iNo. 1: 0.025 N HC1 + 0.03 N NH/, pH = 2.8. Soil-to-extractant ratio, 1 to 20.
No. 2: 0.05 N HC1 + 0.03 N NH4F, pH = 1.9. Soil-to-extractant ratio, 1 to 20.
No. 3: 0.014 N HC1, pH = 1.9. Soil-to-extractant ratio, 1 to 20.
No. 4: 0.1 N HC1 + 0.03 N NH4F, pH = 1.3. Soil-to-extractant ratio, 1 to 20.
No. 5: 0.05 N HC1, pH — 1.4. Soil-to-extractant ratio, 1 to 20.
No. 6: 0.1 N HC1, pH — 1.0. Soil-to-extractant ratio, 1 to 10.
No. 7: 0.1 N HC1, pH = 1.0. Soil-to-extractant ratio, 1 to 20.
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from 289 ppm in Richland silt loam to 576 ppm in Jeanerette silt loam,
and averaged 433 ppm.
Chemical procedures are outlined in a footnote to Table 2. Proce-
dures Nos. 1, 2, and 4, Table 2, varied only in the amounts of HC1 in
the extractant and in the effect of HC1 on pH. With these procedures
increased amounts of P were extracted at each location as the amount of
HC1 increased or as the pH was lowered. The averages of P extracted
from alluvial soils with procedures Nos. 1, 2, and 4 were 45, 119, and
274 ppm, respectively. The averages of P extracted from older alluvial
or terrace soils with procedures Nos. 1, 2, and 4 were 45, 89, and 121
ppm, respectively.
The extractant for chemical procedure No. 3, containing only HC1,
was developed to compare lesults with the extractant for procedure No.
2, which contained both HC1 and NH 4F. The pH of the extractant used
in procedure No. 2 was found to be 1.9, and the pH of the extractant
used in procedure No. 3 was adjusted with HC1 to 1.9 in order that
the hydrogen ion activity of the two extractants would be identical.
From the data in Table 2, it can be seen that use of chemical procedure
No. 3 generally resulted in higher amounts of P being extracted from
alluvial soils and lower amounts from older alluvial or terrace soils than
the amounts resulting from the use of chemical procedure No. 2. The
higher amounts of P extracted from alluvial soils by use of procedure
No. 3 indicate that the NH 4F buffered the P obtained in procedure No.
2 and/or that some other reaction of an indeterminate nature may have
occurred. The higher amounts of P extracted by procedure No. 2 from
older alluvial or terrace soils indicate a preponderance of P in forms
differing considerably from those in the alluvial soils (5).
In chemical procedure No. 6, the soil-to-extractant ratio used was 1
to 10. This ratio was used in order that the amount of active hydrogen
in the 0.1 N HC1 extractant per unit weight of soil sample would ap-
proximate the active hydrogen per unit weight of soil sample in chemical
procedure No. 5. In procedure No. 5, a 0.05 N HC1 extractant was used
at a soil-to-extractant ratio of 1 to 20. A comparison of results obtained
with procedures No. 5 and No. 6 shows very close agreement between P
values.
Results obtained with procedure No. 7 were compared with those
from procedure No. 4. The amount of HC1 used in each extractant was
constant (0.1 N) but, additionally, the extractant used in procedure No.
4 was 0.03 N with respect to NH 4 F. Since the pH of the extractant used
in procedure No. 4 was 1.3, and the pH of the extractant used in pro-
cedure No. 7 was 1.0, it is evident that the NH 4F resulted in a buffering
of the hydrogen ions in the extractant used in procedure No. 4. The
comparison revealed moderately close agreement between P values ob-
tained.
Byrnside and Sturgis (5) reported that the forms of P extractable
from alluvial soils apparently were largely calcium phosphates. They
also indicated that inorganic P in Richland and Olivier soils occurred as
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the less soluble or "adsorbed" forms of P. These forms were considered
to be iron or aluminum phosphates, phosphates bound or adsorbed on
the surface of hydrated iron or aluminum oxides, and phosphates ad-
sorbed on clay surfaces. The results obtained from the chemical pro-
cedures used in this study are in general agreement with the findings of
Byrnside and Sturgis (5).
Phosphorus Correlations
The differences in yields of sugar cane obtained from check and
normal superphosphate treatments are shown in Table 3. Simple corre-
lation coefficients and coefficients of multiple correlation were obtained
from analysis of total P and of extractable P values, by different chemi-
cal procedures (Table 2), and differences in yields obtained from check
and normal superphosphate treatments (Table 3). In all cases, when all
of the data were considered together, correlation coefficients were non-
significant or were too low to be of importance for yield-prediction pur-
poses.
Table 4 contains results from statistical analyses following groupings
of yield data and corresponding chemical data. Group I consists of plant
cane and only that stubble cane which was grown on coarser-textured
soils. Group II is composed of first stubble cane grown on finer-textured
TABLE 3.-Differences in Yields of Sugar Cane Obtained from Check and Superphos-
phate Treatments on Alluvial Soils (Nos. 1-19) and Older Alluvial or Terrace Soils
(Nos. 20-29)
Location Plant First Second Location Plant First Second
no. cane stubble stubble no. cane stubble stubble
T/A. T/A. T/A. T/A. T/A. T/A.
Alluvial soils
1 -0.28 11 0.82
2 0.86* 12 2.59**
3 -0.27 -0.01 13 1.81*
4 -0.07 0.01 14 1.30 3.30** 2.971**
5 -0.80 15 1.79*
6 0.62 16 0.56
7 0.55 17 0.87 1.91**
8 0.40 1.40** 0.99 18 1.49*
9 1.72** 3.37** 19 0.53 0.50 0.27i
10 -0.60
Older alluvial or terrace soils
20 0.53 25 1.07
21 1.02 1.08 1.86* 26 -0.23 0.87 1.35
22 -0.07 27 1.21 1.14
23 -0.03 28 1.35* 2.05* 4.01*
24 -0.13 1.18 29 1.61 2.00* 4.48*
xThird stubble.
* Significant at the 5% level of probability.
** Significant at the 1% level of probability.
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TABLE 4—Correlation Coefficients (r) and Linear Regression Equations for the Re-
lationship Between Extractable P Values (X) Obtained by Different Chemical Pro-
cedures and Differences in Yields Obtained from Check and Superphosphate Treat-
ments (Y)
Chemical Correlation Linear regression
procedure no. coefficients (r) equations
Group I: Plant cane and stubble cane on coarser-textured soils
1 -0.228 Y 0.06 _ 0.0088X
2 -0.633** Y 1.19 _ 0.0099X
3 -0.722** Y 1.07 _ 0.0075X
4 -0.696** Y 1.18 _ 0.0048X
5 -0.710** Y 1.08 _ 0.0050X
6 -0.670** Y = 1.04 - 0.0045X
7 -0.681** Y — 1.05 0.0037X
fvrmin T T
"
First stubble cane on finer-textured soils
1 -0.393 Y 1.59 _ 0.0064X
9 -0.542* Y 1.73 _ 0.0042X
3 -0.439 Y 1.70 _ 0.0038X
4 -0.427 Y 1.74 _ 0.002IX
KJ -0.439 Y 1.72 _ 0.0028X
6 -0.473* Y = 1.74 - 0.0030X
7 -0.445* Y 1 74 0 0023X
Group III Second and third stubble cane on finer-textured soils
-0.531 Y 3.28 0.0154X
2 -0.595* Y 3.58 0.0122X
3 -0.591* Y 3.45 0.0105X
4 -0.587* Y 3.55 0.0054X
5 -0.583* Y 3.51 0.0079X
6 -0.362 Y 3.55 0.0087X
7 -0.559 Y 3.48 0.0060X
*Significant at the 5% level of probability.
**Significant at the \% level of probability.
soils, and Group III is composed of second and third stubble cane grown
on finer-textured soils. Yahola silt loam and Commerce silt loam soils
were classed as "coarser" soils due to their greater depth of relatively
coarse soil material and to the relatively high proportion of sugar cane
roots which permeate horizons below the topsoil.
Simple correlation coefficients (r) and linear regression equations for
the relationship between P values (X), and differences in yields (Y), are
shown in Table 4. Data from chemical procedures No. 2, No. 4, and No.
7 are shown graphically in Figures 1 through 9.
The data in Table 4 show that chemical procedure No. 2 was the
only procedure which resulted in a significant or highly significant cor-
relation between P in the extract and differences in yields obtained from
check and normal superphosphate treatments in each of the three groups
of sugar cane studied. Chemical procedure No. 1 was the only procedure
used which did not result in at least one significant correlation. Chemical
procedure No. 3 was superior to No. 2 in Group I, was inferior to No. 2
10
2, Or
Y = 1J9-0.0099X
• r = -0.633**
EXTRACTABLE P, ppm
FIGURE 1.-Relationship between P extracted with 0.05 N HC1
-f 0.03 N NH4F and
differences in yields obtained from check and normal superphosphate treatments of
plant cane and stubble cane on coarser-textured soils.
2.0r
.
-l
'°0 100 200 300 400
EXTRACTABLE P, ppm
FIGURE 2.-Relationship between P extracted with 0.1 N HC1 + 0.03 N NH4F and
differences in yields obtained from check and normal superphosphate treatments of
plant cane and stubble cane on coarser-textured soils.
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2.0
~ 1,0
0 100 200 300 400
EXTRACTABLE P, ppm
FIGURE 3.—Relationship between P extracted with 0.1 N HC1 and differences in
yields obtained from check and normal superphosphate treatments of plant cane and
stubble cane on coarser-textured soils.
2.5r
-°* 5
0 25 50 15 ito 125 150 U5 200 5^5
EXTRACTABLE P, ppm
FIGURE 4.-Relationship between P extracted with 0.05 N HC1 + 0.03 N NH/ and
differences in yields obtained from check and normal superphosphate treatments of
first stubble cane on finer-textured soils.
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>69
EXTRACTABLE P, ppm
FIGURE 5.-Relationship between P extracted with 0.1 N HC1
-f 0.03 N NHJ and
differences in yields obtained from check and normal superphosphate treatments of
first stubble cane on finer-textured soils.
-0.5" 1 1 1 I
0 100 200 300 400
EXTRACTABLE P, ppm
FIGURE 6.-Relationship between P extracted with 0.1 N HC1 and differences in
yields obtained from check and normal superphosphate treatments of first stubble
cane on finer-textured soils.
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5i 25 50 75 100 125 150 175 200 225
EXTRACTABLE P, ppm
FIGURE 7.-Relationship between P extracted with 0.05 N HC1 + 0.03 N NHJ and
differences in yields obtained from check and normal superphosphate treatments of
second and third stubble cane on finer-textured soils.
5r
-,
0 100 200 300 400
EXTRACTABLE P, ppm
FIGURE 8.-Relationship between P extracted with 0.1 N HC1 + 0.03 N NHJ and
differences in yields obtained from check and normal superphosphate treatments of
second and third stubble cane on finer-textured soils.
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5-]L 1 1 l i
0 100 200 300 400
EXTRACTABLE P, ppm
FIGURE 9.—Relationship between P extracted with 0.1 N HC1 and differences in
yields obtained from check and normal superphosphate treatments of second and
third stubble cane on finer-textured soils.
in Group II, and was approximately equal to No. 2 in Group III. The
data indicate that for practical purposes chemical procedure No. 4, the
method presently used in the Louisiana Agricultural Experiment Station
Soil Testing Laboratory for extracting P, is satisfactory as a basis for
recommending use of normal superphosphate in a fertilization program
for sugar cane in Louisiana. Likewise, for practical purposes, chemical
procedure No. 7, the method presently used in the Soil Testing Labora-
tory for extraction of bases, is satisfactory for extracting P.
From the points on the graphs in Figures 1, 2, and 3 it can be seen
that a yield difference between check and normal superphosphate treat-
ments averaging about 1 ton per acre was obtained from plant cane and
stubble cane on coarser-textured soils when extractable P values were
below 50, 100, and 110 ppm for chemical procedures No. 2, No. 4, and
No. 7, respectively. In Figures 4, 5, and 6 it may be noted that an
average difference of about 1.5 tons per acre was obtained from first
stubble cane on finer-textured soils when extractable P values were be-
low 175, 350, and 320 ppm for chemical procedures No. 2, No. 4, and
No. 7, respectively. The points in Figures 7, 8, and 9 show an average
difference of about 2.5 tons per acre from second and third stubble cane
on finer-textured soils when extractable P values were below 220, 400,
and 350 ppm for chemical procedures No. 2, No. 4, and No. 7, re-
spectively.
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TABLE 5.—Organic Carbon, Nitrogen and Sulphur Contents and pH of Alluvial Soils
(Nos. 1-19) and Older Alluvial or Terrace Soils (Nos. 20-29)
Sample no.
and
horizon1
Orangic
carbon
Carbon:
Total nitrogen
nitrogen ratio
Sulphur
"Soil" soluble
Nitrogen:
'Soil" sulphur
ratio pH
% % ppm ppm
Alluvial soils
Ai\ 0.469 0 041 11.4 135 9.1 3.0 7.3
B 0.438 0.048 9.1 177 36.2 2.7 7.8
o4 A 0.800 0 07fi 10.5 110 5.2 6.9 7.1
B 0.329 0.036 9.1 72 6.2 5.0 7.7
9
o
A 0.684 0.064 10.7 146 4.9 4.4 5.6
B 0.438 0.049 8.9 131 4.3 3.7 6.5
A A 0.754 fi fifi7 1 1 % 200 6.1 3.4 6.9
B 0.339 0.034 10.0 129 6.4 2.6 7.4
K0 ArV 0.557 fi fif>7 9.8 158 3.1 3.6 6.7
B 0.478 0.043 11.1 133 4.3 3.2 7.3
O A 0.752 fi fi77 9.8 101 11.2 7.6 5.8
B 0.368 0.036 10.2 66 7.2 5.5 6.6
1
A
r\. 0.653 fi ftfi4 10 2 148 5.1 4.3 6.7
B 0.481 0.045 10.7 169 7.4 2.7 7.2
ft0 A 0.793 fi fifift 1 1 7 148 4.8 4.6 6.7
B 0.478 0.043 11.1 137 6.2 3.1 7.4
Q Arl 0.680 fi fififi 10.3 173 5.2 3.8 6.1
B 0.410 0.050 8.2 136 6.4 3.7 6.3
1U Aix 0.853 0.083 10.3 112 4.6 7.4 6.0
B 0.561 0.056 10.0 93 5.9 6.0 7.4
1
1
i
A 0.818 0.071 11.5 119 3.2 6.0 6.2
B 0.580 0.064 9.1 89 3.2 7.2 7.0
1 914 A/\ 0.812 0.086 9.4 225 5.2 3.8 5.7
B 0.489 0.057 8.6 135 6.2 4.2 6.6
1 St A 1.060 fi fiftS 19 fi14.U lfifi 4 Q 5.3 6.1
B 0.875 0.099 8.8 137 4.1 7.2 6.6
it Ar\ 1.317 fi i fiK 9£Q 4 ^ 4.1 6.2
B 0.610 0.070 8.7 179 7.0 3.9 6.3
ID AJ\ 1.071 11 K1 l.D 1 99144 2. 4 7.6 6.1
B 0.653 0.064 10.2 116 2.9 5.5 6.2
16 A 1.334 0.142 9.4 272 3.8 5.2 5.9
B 1.035 0.112 9.2 228 8.7 4.9 6.2
17 A 1.104 0.095 11.6 230 5.5 4.1 6.4
B 0.534 0.060 8.9 181 6.2 3.3 7.1
18 A 2.123 0.175 12.1 387 8.0 4.5 6.6
B 0.909 0.092 9.9 209 7.0 4.4 7.0
19 A 1.781 0.169 10.5 357 4.3 4.7 6.5
B 1.195 0.109 11.0 267 7.9 4.1 7.0
(Continued)
TABLE 5.—(Continued) Organic Carbon, Nitrogen and Sulphur Contents and pH of
Alluvial Soils (Nos. 1-19) and Older Alluvial or Terrace Soils (Nos. 20-29)
Sample no. Carbon: Nitrogen:
and Organic Total nitrogen Sulphur "Soil" sulphur
horizon* carbon nitrogen ratio "Soil" soluble ratio pH
% % ppm ppm
Older alluvial or terrace soils
20 A 0.870 0.098 8.9 148 20.4 6.6 4.6
B 0.612 0.073 8.4 83 27.6 8.8 4.6
21 A 1.147 0.115 10.0 132 12.0 8.7 5.5
B 0.600 0.077 7.8 157 17.6 4.9 4.5
22 A 1.291 0.114 11.3 221 10.6 5.2 6.8
B 0.497 0.048 10.4 137 10.2 3.5 7.6
23 A 1.717 0.131 13.1 313 10.2 4.2 7.1
B 0.792 0.073 10.8 181 10.0 4.0 7.7
24 A 1.404 0.114 12.3 224 5.9 5.1 6.7
B 1.081 0.083 13.0 112 4.0 7.4 6.8
25 A 1.277 0.107 11.9 151 6.2 7.1 6.5
B 1.307 0.112 11.7 152 10.1 7.4 7.5
26 A 0.916 0.110 8.3 197 6.3 5.6 7.0
B 0.616 0.057 10.8 171 33.2 3.3 7.7
27 A 0.899 0.071 12.7 158 6.1 4.5 7.1
B 0.606 0.050 12.1 86 4.4 5.8 7.7
28 A 1.325 0.125 10.6 180 11.4 6.9 4.8
B 0.572 0.070 8.2 103 6.7 6.8 4.6
29 A 1.125 0.097 11.6 124 11.1 7.8 4.8
B 0.773 0.079 9.8 74 9.5 10.7 4.7
iTopsoil or A horizon samples were generally taken from depths down to 8 to 10
inches. B horizon samples were obtained below A horizon samples, generally to a
depth of 20 to 24 inches.
Sulphur Content and Other Soil Properties
The data showing "Soil" S and soluble S, organic C, total N, and pH
are shown in Table 5. The average C/N ratio found in the A horizon was
10.9. In the B horizon the average C/N ratio was 9.9. Corresponding C/N
ratios from similar soil types obtained by Byrnside and Sturgis (5) were
10.8 and 9.6. In the A horizon the pH varied from 4.6 in Richland silt
loam to 7.3 in Yahola silt loam, and in the B horizon it varied from
4.5 in Olivier silt loam to 7.8 in Yahola silt loam.
"Soil" Sulphur
"Soil" S in the A horizon (Table 5) varied from 101 ppm in Com-
merce silt loam to 387 ppm in Sharkey clay and averaged 187 ppm.
"Soil" S in the B horizon varied from 66 ppm in Commerce silt loam to
267 ppm in Sharkey clay and averaged 139 ppm.
The average total N/"Soil" S ratio found in the A horizon was 5.4,
17
and in the B horizon it was 5.0. Bardsley and Lancaster (2) reported a
total N/"Soil" S ratio for 23 surface soils to be 8.2.
Soluble Sulphur
Soluble S found in the A horizon by the method of Bardsley and
Lancaster (2) varied from 3.1 ppm in Commerce silt loam to 20.4 ppm in
Richland silt loam, and averaged 7.0 ppm. Soluble S in the B horizon
varied from 2.9 ppm in Mhoon silty clay loam to 36.2 ppm in Yahola
silt loam and averaged 9.6 ppm. The high soluble S values obtained
from B horizon samples No. 1, No. 20, and No. 26 (Table 5) appear to
reflect a history of the use of S in low analysis complete fertilizers and in
normal superphosphate.
Sulphur Correlations
Simple correlation coefficients and coefficients of multiple correlations
were obtained between "Soil" S and soluble S values (Table 5) and dif-
ferences in yields obtained from check and normal superphosphate treat-
ments (Table 3). The data were analyzed as one group and as three sep-
arate groups in the same manner as was used with extractable P. In no
case was a significant correlation found between "Soil" S or soluble S
and differences in yields obtained from sugar cane grown on check and
normal superphosphate treatments.
Discussion
Sugar cane yield increases due to applied normal superphosphate
were generally progressive throughout the cycle of plant and stubble
crops and were of the order: plant cane < first stubble < second stubble.
Previous work (?) revealed that availability of P to sugar cane was re-
gressive throughout the cycle of plant and stubble crops. The lower
amounts of P available in soils to successive crops of sugar cane within
a cycle of crops provide partial explanation for differences in yield in-
creases obtained.
There is no direct method to evaluate possible residual benefit from
use of normal superphosphate in the experiments reported in Table 3.
Likewise, the effect of S in normal superphosphate on yield differences
reported cannot be directly evaluated. If correlations of yield differences
with P and S values obtained from soil analyses are the only criteria
considered, the results obtained indicate that P was the dominant factor
in normal superphosphate which influenced yield.
The S content is approximately equal to the P content of sugar cane
in Louisiana (13). It was found to be less than the P content when no S
was supplied in fertilizers and was sometimes greater than the P content
when S was supplied in fertilizers.
The relative amount of S absorbed by sugar cane in Louisiana is
much greater than P, when both P and S are supplied by fertilizers (8).
The relative uptake of P and S is apparently associated with their relative
solubility in fertilizers, rate of release from organic matter, mobility, and
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total amounts in soils. Sugar cane requirements for P and S from soils
and fertilizers may differ considerably from the relative uptake of the
two nutrients.
SUMMARY AND CONCLUSIONS
A study was made of the relationship of differences in sugar cane
yields obtained from check and normal superphosphate treatments to
P and S contents of soils in Louisiana.
The differences in yields of sugar cane obtained from check and
normal superphosphate treatments were generally of the order: plant
cane < first stubble < second stubble. Differences were generally greater
on finer-textured soils than on coarser-textured soils. The greater dif-
ferences between yields from check and normal superphosphate treat-
ments on finer-textured soils were apparently due to restricted aeration
and root penetration which resulted in relatively greater feeding on ap-
plied normal superphosphate fertilizer.
Simple correlation coefficients and coefficients of multiple correla-
tion were obtained from analyses of extractable P values obtained by
seven different chemical procedures and differences in yields from
check and normal superphosphate treatments. In all cases, when all
differences in yields and corresponding extractable P data were con-
sidered together, correlation coefficients were non-significant or were too
low to be of importance for yield-prediction purposes. Several significant
and highly significant correlations were found when the differences in
yields and corresponding chemical data were studied in three groupings:
(1) plant cane and stubble cane on coarser-textured soils, (2) first stubble
cane on finer-textured soils, and (3) second and third stubble cane on
finer-textured soils.
The chemical procedure which included the use of an extracting solu-
tion of 0.05 N HC1 + 0.03 N NH 4F was the only one resulting in a
significant correlation between extractable P and differences in yields in
each of the three groups studied. By use of this procedure extractable P
in the A horizon varied from 11 ppm to 151 ppm. The procedures which
included the use of an extracting solution of 0.1 N HC1 + 0.03 N NHJ
or 0.1 N HC1 were found to result in extractable P values which corre-
lated with yield differences to an adequate degree for yield-prediction
purposes.
Total P in the A horizon varied from 289 ppm to 909 ppm.
"Soil" S in the A horizon varied from 101 ppm to 387 ppm, and in
the B horizon it varied from 66 ppm to 267 ppm. The average total
N/"Soil" S ratio in the A horizon was 5.4, and in the B horizon it was
5.0. Soluble S in the A horizon varied from 3.1 ppm to 20.4 ppm, and
in the B horizon it varied from 2.9 ppm to 36.2 ppm. Statistical analyses
resulted in no significant correlations between soluble S and differences
in yields of sugar cane obtained from check and normal superphosphate
treatments.
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